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Aims
To compare the performance of fractional exhaled nitric oxide (FE NO ) and spirometry for health surveillance of apprentice bakers (ABs) and apprentice hairdressers (AHDs). Determinants of FE NO were also identified.
Methods
Symptoms and physician-diagnosed asthma were evaluated by questionnaire. FE NO was measured and spirometry was carried out. Subjects with elevated FE NO (FE NO > upper limit normal), airway obstruction [forced expiratory volume in 1 s (FEV 1 )/forced vital capacity (FVC) < 95th percentile] and atopy (history of allergies) were identified.
Results
A total of 126 apprentices (59 ABs and 67 AHDs) participated. Twenty-nine (23%) apprentices had abnormal tests: 4 had associated high FE NO and airway obstruction, while 25 had either high FE NO (n 5 15) or airway obstruction (n 5 10) alone. Compared with ABs (n 5 16), AHDs (n 5 13) had more asthma (38 versus 0%; P , 0.05) and atopy (62 versus 6%; P , 0.05). There was no difference in symptoms, smoking FE NO or airways obstruction. Among 97 subjects with normal tests, no differences existed between ABs (n 5 53) and AHDs (n 5 44). Average FE NO was increased in atopic nonsmokers compared with atopic smokers and non-atopic subjects (P , 0.05). Smoking, a history of allergies, FEV 1 /FVC % observed and respiratory symptoms were the main determinants of FE NO .
Introduction
Exposure to pollutants in bakeries and hairdressing salons can contribute to airway disease of varying nature, ranging from simple irritation to asthma. Although the natural history of these syndromes is not fully understood, there is now evidence to suggest they may start soon after commencement of exposure, during apprenticeship [1] [2] [3] . Workplace health surveillance aims to identify possible cases, to prevent progression to permanent disease. Symptom questionnaires and spirometry are commonly used in surveillance programmes [4] ; however, questions have been raised regarding their efficacy. For instance, in one programme in a bakery, questionnaires were found to miss as many cases of asthma as they identified [5] . In contrast, spirometry carried out in one polyurethane-foam company was found to have a high rate of false-positive responses in the absence of symptoms on questionnaire [6] .
Another non-invasive, potentially useful test for respiratory surveillance is measurement of fractional exhaled nitric oxide (FE NO ). Initially proposed as an index of airway inflammation in asthma [7] , FE NO was found to be useful as a marker of exposure to dusts, gases and organic solvents [8, 9] and as an early marker of potroom asthma [10] . However, FE NO is a sensitive measure, which is affected by various confounding factors including atopy and cigarette smoking. If FE NO is to be useful in the occupational setting, it must add to the information obtained by questionnaires and spirometry.
With the above considerations in mind, we set out to examine how FE NO was associated with spirometry in identifying abnormal subjects among ABs and hairdressers. Since we lack a 'gold standard' for comparison, we did not attempt to check the validity of the tests; rather we focused our attention on the agreements and disagreements between them. In addition, we sought to identify the determinants of FE NO within these populations.
Methods
Bakery and hairdressing apprentices having finished their first training year (out of two) in a vocational school in Nancy, France (Centre de Formation d'Apprentis CEPAL, Laxou) participated. In a preliminary investigation, we found apprentice bakers (ABs) were exposed to inhalable dust at concentrations lower than the French time-weighted average-threshold limit value (TWA-TLV), while personal exposure values were greater than the American Conference of Governmental Industrial Hygienists (ACGIH) recommendation [11] . In addition, we found apprentice hairdressers (AHDs) worked in small salons, usually without appropriate ventilation and were experiencing large exposure to known airways irritants [12] . Assessments took place on-site, between classes. Since the apprentices worked 3 weeks in a row in the bakery/pastry shop or hairdressing salon, only 1 week a month was available for examinations. Typically, every apprentice works in the same shop until graduation. The research was approved by the local ethics committee and written consent was obtained.
Chest symptoms including cough, sputum, wheeze and dyspnoea were assessed by questionnaire [13] . A history of physician-diagnosed asthma was considered to be positive if the subject replied affirmatively to the question 'Have you ever had asthma diagnosed by a doctor?' A personal history of allergies was diagnosed in subjects reporting a history of sneezing or a runny or blocked nose with itchy and watery eyes (allergic rhinoconjunctivitis) and/or history of recurrent itchy rash affecting the face, scalp, extensor surfaces of the body or flexural involvement of extremities (atopic eczema).
FE NO was measured following the American Thoracic Society/European Respiratory Society (ATS/ERS) recommendations [14] using a chemiluminescence analyser (NIOX 2.0 system; Aerocrine AB, Stockholm, Sweden) as described previously [15] . Briefly, subjects in the sitting position exhaled fully then inhaled ambient air through a nitric oxide scrubber to total lung capacity. Then, they exhaled against an automatically adjusting resistance to achieve a flow rate of 50 ml/s. To avoid nasal NO contamination an oral pressure of 5 cm H 2 O, sufficient to close the velum, was used. At each session, three correctly executed exhalations were recorded and FE NO measured from at least 3 s of the NO concentration plateau. Measurements were performed systematically before spirometry. Calibrations were done every 13 days according to the standards of the manufacturer. Sessions started at 9:00 a.m. and subjects were asked not to eat, smoke or exercise at least 1 h before measurements. Subjects were not tested within 3 weeks of a respiratory infection.
Spirometry was performed using an electronic spirometer (Random Noise Oscillatory Spirometer system; SensorMedics Corporation, Datalink, Montpellier, France]) according to current guidelines [16] . Forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV 1 ) were obtained by having the subject expire forcefully after a maximal inspiratory manoeuvre. At least three forced expiratory manoeuvres, satisfactory according to recommended criteria [16] , were recorded. The largest FVC and FEV 1 values were saved for analysis. Results were expressed as a percentage of the predicted values of the European Steel and Coal Community Working Party [16] .
FE NO values were considered as abnormal if they exceeded the upper limit of normal of the reference values of Travers and colleagues [17] . Airway obstruction was defined according to the joint ATS/ERS guidelines as per cent FEV 1 /FVC ratio below the fifth percentile of the predicted value [18] . Subjects reporting a personal history of allergies were considered to have clinical atopy [1] .
Statistical analyses were carried out using the Sigma Stat 3.5 statistical package (Systat Software, Point Richmond, CA). Demographic data are presented as mean 6 standard deviation. As FE NO levels showed a non-parametric distribution, they are reported as medians with interquartile ranges. The significance of differences between proportions was calculated using the chi-square test or the Fisher's exact test, as appropriate. Correlations between FE NO and lung function parameters were assessed using the Spearman rankorder correlation, while differences involving average FE NO values were assessed with Mann-Whitney rank sum test. A multiple linear regression model was used to assess the association between FE NO , taken as the dependent variable, and various independent variables using log 10 -transformed values of FE NO (log-FE NO ). The independent variables were selected on the basis of their correlation with FE NO by univariate analysis; those reaching correlation coefficient (r) values of at least 0.10 were A. B. BOHADANA ET AL.: EXHALED NO AND SPIROMETRY IN RESPIRATORY HEALTH SURVEILLANCE 109 fed into the final model. The final regression model was the same whether using a backward or a forward stepwise regression approach.
Results
Two hundred and thirty-three apprentices-119 ABs and 114 AHDs-were invited and 127 (55%) participated. One AHD was unable to perform all tests, leaving 126 subjects-69 ABs and 57 AHDs-for analysis. Descriptive data on the apprentices are presented in Table 1 . As expected, among ABs, males outnumbered females (84% males), while among AHDs the reverse was true (88% females). Overall, 55 (44%) subjects smoked, 33 (26%) had $1 respiratory symptoms, 28 (22%) were reporting a history of allergies and 15 (12%) reported a history of physician-diagnosed asthma. Average FE NO and FEV 1 /FVC values were within normal limits. Comparisons between ABs and AHDs showed no significant differences between the two groups, except for the rate of physician-diagnosed asthma, which was significantly greater among the latter (P , 0.05) ( Table 1) .
Tests gave abnormal results in 29 apprentices: 4 had a combination of high FE NO and airway obstruction, while the remaining 25 had a single abnormality, either high FE NO (n 5 15) or airway obstruction (n 5 10) ( Figure  1 ). As shown in Figure 2 , the clinical phenotype of AHDs (n 5 13) was different from that of ABs (n 5 16) in that AHDs had more asthma (38 versus 0%; P , 0.05) and atopy (62 versus 6%; P , 0.01). There was no significant difference between symptoms, abnormal FE NO smoking, or airway obstruction. Among subjects with normal tests (n 5 97), no clinical differences existed between ABs (n 5 53) and AHDs (n 5 44) ( Table 2) .
Altogether, atopic non-smokers (n 5 19) had significantly (P , 0.05) higher average FE NO levels [median 5 34.7 ppb (11.9-107.7)] than non-atopic non-smokers [n 5 52; median 5 14.7 ppb (9.8-22.2)], atopic smokers [n 5 9; median 5 13.7 ppb (7. (Figure 3) .
In univariate analyses, the following variables correlated with log FE NO (r values . 0.10): gender (r 5 0.14; P 5 0.10); tobacco smoking (r 5 0.19; P , 0.05); FEV 1 /FVC (r 5 0.23; P , 0.05); atopy (r 5 0.25; P , 0.01); wheeze (r 5 0.17; p 5 0.06); and having $1 symptom (r 5 0.16; P 5 0.07). In a multiple linear regression model, with log-FE NO as the dependent variable, a history of allergies, having $1 respiratory symptoms, percentage of FEV 1 /FVC ratio and tobacco smoking were the most important factors determining FE NO levels ( Table 3 ).
Discussion
The study has three main findings. First, among subjects with abnormal tests, little agreement existed between FE NO and spirometry. From 29 possible cases, only 4 were identified by both tests, the remaining 25 being identified either by FE NO (n 5 15) or spirometry (n 5 10). Second, among subjects with abnormal tests AHDs differed from ABs in that they had more asthma and allergies. Third, the main determinants of FE NO in the group as a whole were a history of allergies, having $1 respiratory symptoms, FEV 1 /FVC % observed and cigarette smoking.
There may be several reasons for the disagreement between FE NO and spirometry. Misclassification seems unlikely. For FE NO , common confounders such as age, gender, atopy and smoking status were taken into account by the reference equations [17] . As a result, our cut-off points for abnormal result ranged from 30.5 to 44.6 ppb for females and from 38.4 to 56.5 ppb for males. Incidentally, these cut-off points are substantially higher than those used in other settings as, for instance, screening for asthma [19] . Therefore, we are confident that our high FE NO levels are true-positive values. As for spirometry, rather than the traditional FEV 1 /FVC , 70% limit, we took the value below the fifth percentile of normal according to the ATS/ERS recommendation [18] . Purportedly, this strategy prevents the misidentification of abnormals as normals likely to occur in young adults when FEV 1 /FVC , 70% is used as criterion for obstruction [20] . As demonstrated previously and confirmed here, atopy can lead to increased FE NO [17, 21, 22] . The mechanism remains uncertain but a T helper-2-driven inflammatory response-rather than non-specific airway inflammation -has been suggested [21] . Since atopy in itself does not alter maximal flows, atopy could explain the coexistence of high FE NO and normal spirometry noted in 15 apprentices. However, atopy is probably not the sole operating factor for two reasons. First, as stressed above, atopy was taken into account when calculating the cut-off points for FE NO . Second, and more importantly, 6 of the 15 apprentices were not atopic (Figure 2) . Therefore, we speculate these high FE NO levels may reflect early signs of airway inflammation caused by pollutants in the work atmosphere. This idea is in keeping with studies in bleachery and millworkers showing a relation between NO and airway inflammation in atopic subjects [23] . In the ABs, this could have resulted from a classic Ig-Edependent mechanism [1] . In hairdressers things are less clear although an Ig-E-dependent mechanism has been described in exposure to persulphates [24] . Incidentally, we have recently demonstrated an association between sensitization to persulphates and the incidence of airway hyperresponsiveness (AHR) in AHDs [3] . Finally, occupational exposure could have produced high FE NO levels from stimulated inducible NO synthase (iNOS) (by activation of eosinophils, mast cells and T-lymphocytes in the airway mucosa) or from an increase in oxidative stress of non-enzymatic sources [7] . However, an indepth examination of this topic is outside the scope of this study.
As noted by others [15, 17, 25] , cigarette smoking was associated with a decrease in FE NO . The mechanism is unclear, but a fall in NO synthesis resulting from feedback inhibition due to high concentrations of NO in cigarette smoke has been suggested [25] . Since smoking can cause airway obstruction even in teenagers [26] , it could be the 'perfect culprit' for the association between lower FE NO values and airway obstruction observed in 10 apprentices. However, as stated above, smoking was accounted for when calculating the cut-off point for FE NO . More importantly, four of these subjects had never smoked. Among other possible explanations, AHR should be considered. Indeed, AHR was found to be associated with airway obstruction in asymptomatic subjects from the general population [27] and in bakers [28] . Interestingly, in the current study, 7 of 10 subjects displaying airway obstruction and normal FE NO were ABs. Since they worked in small, typically poorly ventilated bakeries [11] , we wondered whether they suffered from airway irritation-induced AHR following the inhalation of high dust concentration. However, this remains mere speculation since measurement of AHR was not part of the study protocol.
Disagreements between FE NO and spirometry could be explained on physiological grounds. NO-a biological modulator and a marker of inflammation-is produced [29] , and (ii) in healthy subjects, histamine-induced bronchoconstriction situated in airway generation 10-15 decreases, while bronchoconstriction situated in generation .15 increases, FE NO [30] . Altogether, these data suggest that NO arises from multiple anatomic locations in the lung and the current method to measure FE NO is not accurate to exactly detect these locations. Our using of the clinical definition of atopy is supported by studies in similar populations. In ABs, De Zotti and Bovenzi [1] found clinical atopy-but not atopy based on skin prick tests-to be the main predisposing factor for developing symptoms caused by exposure to wheat flour. In AHDs, Iwatsubo et al. [2] found clinical atopy to be related both with the incidence of respiratory symptoms and the worsening of baseline lung function parameters. In line with these observations, in the current study, clinical atopy clearly identified subjects with high FE NO and emerged as one of the determinants of FE NO in multivariate analysis.
Our observation of abnormal FE NO and spirometry in a fraction of ABs and hairdressers shortly after the inception of exposure is in line with previous studies in similar populations [1] [2] [3] . However, despite biological plausibility, we cannot affirm these abnormalities were causally associated with occupational exposure since our study was not designed to examine dose-response relationships. In our opinion, this relative limitation does not offset the usefulness of the study in showing how to implement preventive measures in a real surveillance setting. For Figure 2 . Characteristics of AHDs and ABs with abnormal tests. The differences between the two groups were significant for allergies (P , 0.01) and physician-diagnosed asthma (P , 0.05). instance, our four subjects with high FE NO and airway obstruction should definitively undergo further investigation. A logical workup would include tests of airway inflammation, for instance eosinophil count in sputum, measurement of bronchial responsiveness and, of course, FE NO and spirometry evaluation before and after a leave from work (e.g. vacation). Similarly, FE NO levels (and spirometry) should be monitored periodically in the subgroup with high FE NO alone, in order to examine whether they incur an increased risk of development of airway impairment with continuing exposure, or are simply normal, high NO producers. Finally, in the frame of prevention, smokers should be informed that cigarette smoke can potentiate the effects of occupational exposure and increase the risk of airway disease.
In conclusion, there was little agreement between abnormal results of FE NO and spirometry in ABs and hairdressers. This indicates the two tests are not overlapping dimensions, each contributing unique information on the physiologic status of the respiratory system. While FE NO may supply added information on airway inflammation not supplied by spirometry, longitudinal studies of this marker as part of more structured surveillance programmes are necessary to better examine its effectiveness in the early detection of respiratory disease caused by substances in the workplace.
